There have been 3 types of investigations which provide information about this subject: studies of the epidemiology of the enteroviruses in healthy subjects (1) (2) (3) , controlled studies of large numbers of patients with sporadic diarrhea (4) (5) (6) (7) (8) , and studies of sharply denned outbreaks of gastroenteritis (9) (10) (11) (12) (13) .
Reports of epidemiologic investigations of enteroviruses in healthy subjects seem to establish the following points: (a) enteroviruses are prevalent in the stool specimens of healthy children but they do not constitute "normal" permanent viral intestinal flora; (6) enteroviruses transiently inhabit the gastrointestinal tract and are most frequently isolated before the age of 4 years; (c) there is a seasonal incidence of gastrointestinal harboring of enteroviruses with a predominance of positive isolations in the summer and autumn and (d) there are yearly variations in the percentage and types of positive enteroviral isolations in a given community. There is suggestive evidence in support of a fifth fact. The percentage of enteroviruses harbored by hospitaldelivered newborn infants prior to being discharged from the hospital seems to be extremely low (14, 15) .
Controlled studies of large numbers of patients with diarrhea have established few facts because of the diversity of results in different series (table 1) . Reports of isolation rates of enteroviruses in sporadic diarrheal disease in children have been published by RamosAlvarez and Sabin (4) , Joncas and to Instances have been reported in which a single patient harbored a strain of enterovirus and a bacterial pathogen simultaneously (4, 5) . However, at the present time there is no evidence of any viral-bacterial synergism in the production of gastroenteritis.
Our study described below presents additional findings regarding the incidence of total enteroviral isolations in children with diarrheal disease as compared with control subjects, the incidence of ECHO virus isolations in the two groups, the age incidence of enterovirus isolations, and the association or lack of association of viral and bacterial agents in diarrheal patients.
MATERIALS AND METHODS
In January, 1959, a detailed and continuing study of infantile diarrhea was initiated at Jefferson Davis Hospital, Houston, Texas. Its over-all purpose was the establishment of etiologic roles of microbiologic agents, with especial emphasis on the role of enteroviruses alone or in association with bacteria. The study was continued until November, 1961. During this 2-year and 10-month period enteroviral and bacterial studies were performed on 390 infants YOW, MELNICK, BLATTNER AND KASMUSSEN with diarrheal disease and 384 infants without diarrhea.
Description of study patients. Three hundred and forty-four of the 390 patients included in the study group were infants admitted to the inpatient service with a diagnosis of diarrhea, believed to be due to primary gastroenteritis. No patients were included who had other specific diagnoses. All of the patients were from low income families. The ages of the study subjects from the inpatient service were 2 weeks to 2 years of age; 233 were less than 6 months of age, 65 from 6 months to 1 year, and 46 from 1 to 2 years of age. A second group of 46 infants was included in the study patients. These 46 children acquired diarrheal disease during 5 separate newborn nursery outbreaks. The age distribution of patients with diarrheal disease, in number and percentage, is listed in table 2.
Description of control subjects. The control group consisted of 384 children seen in the outpatient clinic, admitted to the inpatient service, or housed in the newborn nurseries. None of these children had diarrheal disease at the time specimens were obtained. Followup was impractical so that in the majority of instances there is no certainty that diarrheal disease did not develop later. The control group was closely matched to the study group not only in time but also as to age, race and socioeconomic environment. The age distribution of the control group was 12 per cent from birth to 2 weeks of age, 70 per cent under 6 months of age, 14 per cent from 6 months to 1 year of age, and 14 per cent from 1 to 2 years of age. The numbers of patients included per week in the study and control groups were matched so that seasonal variation would not be a factor in the percentage of isolations in the two groups.
Collection of specimens. Single stool or rectal swab specimens were collected on all study and control patients. All collections were made on hospitalized children as soon as they were admitted to the hospital in order to eliminate the possibility of specimens yielding bacterial and enteroviral flora which might have been hospital acquired. Rectal swabs for viral studies were washed thoroughly in tubes of Hanks' balanced salt solution and the swabs were discarded. The tubes were then stored at -20 C. Stool specimens were stored untreated also at -20 C. Stool or rectal swab specimens for bacterial study were collected prior to any antibiotic therapy.
The number of collections per month was not uniform. During the 33-month period of study the cumulative total of diarrheal patients studied from November 1 through April 30 was 202. One hundred and eighty-eight patients were studied during the months of May through October.
Methods of virus isolation and identification. Monkey kidney (MK) stationary tube cultures were used for virus isolations, titrations and typings, by methods already described (16) . They were prepared in M-H medium (0.5 per cent lactalbumin hydrolysate in Hanks' salt solution) with 2 per cent calf serum, and were maintained in M-E medium (0.5 per cent lactalbumin hydrolysate in Earle's salt solution) with 0.22 per cent NaHCO 3 .
Rectal swab or fecal suspensions in 0.1-ml amounts were inoculated into 3 MK tube cultures. The cultures were kept at 36 to 37 C for a period of 2 weeks and readings for CPE (cytopathic effect) were performed periodically. The positive specimens were harvested when about 50 per cent of the cells in the culture showed a virus-type of degeneration, and were stored at -20 C. Specimens harvested before the seventh day were titrated and typed. For all the specimens harvested after the seventh day, an additional passage was made in an attempt to raise the titer before the virus was typed.
Identification of the isolates was performed by the CPE-neutralization test in MK tubes, using 0.2 ml of inoculum containing equal volumes of virus (100 TCD 50 ) and monkey antisera for poliovirus types 1, 2, and 3 (l-in-60 dilution) singly and as a mixture of the 3 sera. The incubation period used for the virus plus serum mixtures was 1 hour at 37 C. Each isolate was titrated in the same test to make sure that 100 TCD r> o of virus had been used. The inoculated cultures were incubated at 36 to 37 C for 9 to 11 days. Isolates neutralized by one of the sera and the mixture of the 3 were considered to belong to the respective poliovirus type. Isolates which failed to be neutralized by poliovirus antisera were considered as nonpolioniyelitis enteroviruses, provided 100 TCDgo of the virus had been present in the test. They were then typed as described by Lim and BenyeshMelnick (17) 
A simultaneous study of isolations in children with the aseptic meningitis syndrome acted as a positive control for the collection and isolation techniques in the diarrhea study. Throat washings, stool specimens, and rectal swabs were collected, stored and processed in the same manner and by the same individuals who performed the collections and processing in the diarrhea study. The percentage of isolations in the aseptic meningitis patients was 33 per cent.
Bacterial and serologic studies. Semiquantitative bacterial studies were performed on the stool specimens and rectal swabs by the methods of Edwards and Ewing (18) and fluorescent antibody techniques.
RESULTS
There were 22 enteroviruses isolated from 390 patients with diarrhea and 17 enteroviruses isolated from 384 control subjects. These figures represent a 5.6 TABLE 3 per cent isolation rate in the diarrheal patients and a 4.4 per cent isolation rate in the control patients (table 3) .
Comparison of viral isolations in diarrheal and nondiarrheal patients

Total isolations Number
The greatest number of isolations in all patients studied occurred between May and November. The seasonal variation of positive isolations is shown in figures 1 and 2. This seasonal variation closely paralleled that of a simultaneous study of aseptic meningitis. During a given time the types of virus isolated from the diarrheal patients and the control subjects roughly matched those being isolated from patients with aseptic meningitis, a reflection of the presence of specific virus types within the community. The types of enteroviruses isolated from the study and control groups are shown in tables 4 and 5. Five polioviruses were isolated from the study group and 2 from the control group. Coxsackie viruses were isolated from 2 patients with diarrhea and from 5 patients without diarrhea. ECHO viruses were isolated from 10 diarrheal patients and 3 nondiarrheal subjects. There were 5 unidentified strains of enteroviruses presumably ECHO in the study group and 7 similarly unidentified strains in the control group. A single virus was isolated from each patient except in one instance in which poliovirus 3 and ECHO 5 were isolated from one infant with diarrhea.
The numbers and types of enteroviruses isolated from each age group are presented in table 6. The numbers isolated were closely related to the num- bers of patients in each age group except in the newborn infants. There were no viruses isolated from the 46 infants involved in 5 nursery outbreaks, nor were there any viruses isolated from the 46 newborn infants who served as controls. The percentage isolation of polioviruses, Coxsackie viruses and ECHO viruses was approximately the same in infants 2 weeks to 6 months, 6 months to 12 months, and 12 to 24 months of age. The percentage of pathogenic bacteria isolated from the study group was strik-
ingly different from that in the control group. Bacteria designated as pathogenic were Salmonella, Shigella and enteropathogenic Escherichia coli. Twenty-two per cent of the patients with diarrhea had one of these agents present in the stool at the time of admission. Only 2 per cent of the specimens from patients without diarrhea were positive for any of these 3 organisms. There was no association of positive bacterial cultures with positive enteroviral cultures in either diarrheal or nondiarrheal patients. that there was no correlation between high rates of bacterial isolation and percentage of viral isolations.
DISCUSSION
In this study there was no significant difference in the percentage of enteroviruses isolated from diarrheal and nondiarrheal patients. The isolation rate in both groups was low as compared to those of the Cincinnati and Glasgow studies but is rather close to that of the Canadian studies (table 1) . The ages of the children in these other series did not differ significantly from those of the children tested in Houston. The rate of isolations from diarrhea patients and controls in the Cincinnati study was increased by about 10 per cent by the use of inoculations in mice to isolate strains of Coxsackie A which did not grow on monkey-kidney tissue. Probably the major factor in the high isolation rate was that all the children in the Cincinnati series were studied during summer months whereas about half of our patients were studied from November through April. If we limit our analysis to studies performed in the May through October period, the percentage of isolation increases to 9.4 per cent in the study group and to 9.1 in the control group. Also one might postulate that annual variations in the rate of enteroviral isolations may be sufficiently large to explain some of the discrepancies between the Cincinnati Study, the Glasgow Study and the Houston Study. It is unlikely that the differences in climate in the 3 areas influenced the differences in enteroviral isolation rate since one would expect to have a higher isolation rate in semitropical Houston than in Cincinnati or Scotland.
In none of the epidemiologic investigations comparing enteroviral isolation rates in diarrheal patients with those in nondiarrheal controls is there any evidence that the poliovirus or Coxsackie viruses cause the diarrhea syndrome alone. However, there are some indications that ECHO viruses may cause sporadic cases of diarrhea in children. As has been mentioned, RamosAlvarez and Sabin (4) isolated ECHO virus 6 times as frequentty in children with diarrhea as those without diarrhea. In Sommerville's study (5) there were 2 to 3 times as many ECHO viruses in diarrheal patients as in controls. He considered this to be suggestive but not statistically significant. In our patients ECHO viruses were isolated only 1.5 times as often in diarrheal as in nondiarrheal patients. By the Chi square test there is no significant difference between the diarrheal patients and the controls (P = 0.35). It is doubtful that ECHO viruses had etiologic significance here, in spite of the evidence that these agents, under certain circumstances, may cause gastroenteritis.
As has been stated no enteroviruses were demonstrated in 92 newborn infants (46 study patients, 46 control subjects) who had never been outside the hospital. These findings coupled with the experience of others (14, 15) lead us to feel that the chances of epidemic diarrhea in the hospital newborn nursery being due to ECHO viruses are small. The infants are born of mothers who are unlikely to be harboring these viruses, they are cared for by attendants who also have a low carrier incidence for these agents. An outbreak could be initiated by the rare adult who might be carrying or be infected by an ECHO virus but this seems to be an uncommon occurrence.
In the Houston Study, the youngest diarrheal patient from whom an entero-virus was isolated was 2 weeks old. This infant had been at home for over a week before being re-admitted to the hospital. In fact, all the infants from whom enteroviruses were isolated had spent a period of time at home. In the socioeconomic group which we were studying the opportunities for the infants' acquiring enteroviruses early in life from their young siblings were great. However, in this group of patients enteroviruses were not demonstrated to be frequent etiologic agents of primary gastroenteritis.
There was no evidence of bacteriaviral synergism in the production of gastroenteritis. 2. The age range of the patients in both groups was 0 to 2 years. Forty-six of the patients with diarrhea were newborn infants involved in 5 separate nursery outbreaks. No enteroviruses were isolated from these newborn patients or from 46 well newborn infants who served as controls.
3. The enterovirus (poliovirus, Coxsackie, ECHO) isolation rate for 390 diarrheal infants studied was 5.6 per cent and that for nondiarrheal infants was 4.4 per cent. ECHO viruses were isolated 1.5 times more frequently in the study group than in the control group, a difference without statistical significance.
4. If we include only patients studied from May through October the isolation rate in infants with diarrhea was 9.4 per cent and in controls 9.1 per cent.
5. The isolation rate of pathogenic bacteria (Salmonella, Shigella, pathogenic Escherichia coli) was 22 per cent in patients with diarrhea and 2 per cent in control subjects. Two of the 5 newborn nursery outbreaks studied proved to be due to E. coli 0111 :B 4 . There was no association of positive bacterial and viral isolations in individual patients. In fact, the seasonal peaks of isolation of enteroviruses and of pathogenic bacteria were different.
6. Enteroviruses as a group did not play a significantly detectable role in the production of infantile diarrhea in the Houston area in the 3-year period of investigation. Although ECHO viruses and other enteroviruses could not be proven to be an important cause of diarrhea in this study, the potential pathogenic role of these viruses as well as others in infantile diarrhea needs further investigation.
